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Population growth and climate changes as two synergistic phenomena have
damaged water resources nationwide and worldwide. The water resources
available for agriculture is one of the most critical limiting factors in food
production enhancement in Iran. Agriculture must tackle the challenge of
supplying the increasing demands for food due to population growth. For this
purpose, we must get acquainted with how farmers make decisions and their
adaptations to water scarcity conditions by studying their adaptation strategies.
In this case, we can predict the farmers’ behaviors by recognizing the optimal
adaptation strategies under water scarcity crisis. This study aims to provide a
model to examine and analyze the farmers’ behaviors in the realm of water
scarcity and the contributing factors to it, facilitating a better understanding of
the potential implications of such scarcity, introducing the adaptation
changeability procedures for agricultural water management and assistance to
farmers to adapt, and developing the actions for mitigating the vulnerability of
agriculture sector in Iran. In this study, 175 farmers in Northeast Iran were
interviewed to conduct an applied research by questionnaire survey. The
research tool was a researcher-made questionnaire designed based on the
theoretical literature and designed model. According to the research, the model
of incremental adaptation strategies could determine the effects of a set of
psychological and socioeconomic factors and the formation of adaptation
decisions in water resources management under water scarcity conditions. The
results indicated that the concern and attitude, farmers’ knowledge and
technical skill, self-efficiency and risk-taking level, social capital and
information availability for farmers, and the internal norm are significantly and
positively correlated in this model. The results provide a proper understanding
of farmers’ sustainable decision-making and a perspective on contributing
factors to the strategy framework and improved policies in the form of
incremental adaptation strategies when facing water scarcity in agricultural
water resources management. Thus, this study will respond to deal with water
scarcity by changing farmers’ behaviors in dry lands and water scarce regions.
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1. Introduction
Global water crisis is one of the most crucial challenges in the 21st century (APHA, 2008). Population growth and
climate change as two synergistic phenomena have damaged water resources nationally and internationally. The
climate change phenomenon in the world has caused a wide range of adverse effects, including the reduction in
available water resources and severe frequent droughts (Iglesias et al., 2007). Therefore, it must be considered when
tackling many socioeconomic challenges in agricultural water management (Iglesias et al., 2007). These negative
consequences have affected water resources management, especially at the agricultural land management level,
making the agriculture sector and local communities the most vulnerable to the risks and effects of global climate
change (Maponya et al., 2012). Thereby, coping with these problems is a major challenge for many vulnerable
households (Campel et al., 2010).
The average annual precipitation in the world is 813 mm (Suryavanshi et al., 2021). The Middle East and Iran
have the averages of 217 and 228 mm, respectively, less than one-third of the world average. Due to low precipitation
and its uneven temporal and spatial distributions, Iran is an arid and semi-arid country. Accordingly, the water
demand is increasing in this situation due to population growth, urbanization, and the development of economic
sectors (agriculture and industry) (Ali-Mohammadi, 2002). Statistically, Iran is ranked the 14th among 116 countries
in the world in terms of water crisis, indicating poor water situation (International Water Management Institute
(IWMI), 1993). In the first place, the agricultural development problem in Iran is due to lack or poor water
management and then the limitation of water resources. In this country, even though 92% of water is consumed in
the agriculture sector (Babran and Honarbakhsh, 2008), 75% of available water is wasted due to improper
management and the use of traditional irrigation techniques (Ali-Mohammadi, 2002). Despite all these restrictions,
the agriculture sector is one of the most important economic activities in Iran, such as this sector accounts for about
18% of GDP, 25% of employment, 85% of food supply, and 25% of non-oil production.
Due to the strong dependence of rural communities’ livelihoods on agricultural production, water plays a pivotal
role in rural development (Ward et al., 2005; Giordano, 2007; Rezaei et al., 2017). Therefore, the drought as well
as water crises and their consequences affect rural areas more than urban areas (Saleh and Mokhtari, 2007). In
general, water management in the agriculture sector is becoming increasingly complex, and the need for water in
agriculture is increasing correspondingly. In this regard, as the most important decision-makers at the local
management level under this condition, farmers play the most important role in water management and adaptation
to climate change (Zobeidi et al., 2016). Local communities’ efforts to adapt to climate change is not a novel
phenomenon (Riva et al., 2013), and their adaptation, especially by farmers, is essential to maintain and ensure their
livelihood and food security (Bryan et al., 2009).
From the anthropological point of view, humans are adaptable creatures, able to adapt in the face of environmental
stresses (Orlove, 2005). Some researchers defined adaptation as an adjustment in natural or human systems in response
to actual or expected climatic stimulate or their reaction to reduce damages (Grothmann and Patt, 2005; Iglesias et al.,
2007; Ngigi, 2009). This adaptation among farmers means adjusting the perception and recognition of voluntary actions
to reduce risks in the farm activities. Farmers reduce the potential harms of climate change to their livelihoods by using
targeted strategies (Hassan and Nhemachena, 2008). The important adaptation strategies of farmers are called
incremental adaptation strategies. While collecting initial information of the study area (Sabzevar County in Northwest
Iran), we found that these adaptation strategies can be divided into defensive, conservative, and incremental strategies.
In this study, due to the restrictions in presenting all results of the three strategy types, merely the incremental adaptation
strategies are covered, containing six cases, for example, purchasing irrigation water.
In general, by studying farmers’ various adaptation mechanisms and strategies and examining psychological
factors, such as beliefs, attitudes, and perceptions, we can understand how they make decisions and adapt to the
environment change, and predict their behaviors accordingly. Some researches, such as Rezaei et al. (2017),
explored the effects of farmers’ perception and knowledge on their adaptation behaviors. Zhang et al. (2019) found
that the environmental and socioeconomic variables, such as farmers’ perceptions, influence their adaptation to
technologies related to the water preservation and storage. Yang et al. (2020) revealed that socioeconomic and risktaking variables are the most influential variables to decision-making in managing climate change conditions. Wens
et al. (2021) confirmed the complexities of farmers’ adaptation behaviors under drought conditions. In this study,
risk-taking, social network (social capital), and knowledge were predicted as the essential variables in decisionmaking about incremental adaptation strategies.
Therefore, we can take some steps to achieve sustainable agricultural development in the study area as well as
similar areas in the world. The main objective of this study is to investigate the factors affecting the implementation
of incremental adaptation strategies for coping with water scarcity crisis in Northeast Iran. Other objectives of this
study are specifically listed as follows: (1) identification of personal, professional, and agronomic characteristics of
farmers; (2) prioritizing incremental adaptation strategies when facing water scarcity crisis; (3) explaining the
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structural model of the factors affecting the implementation of incremental adaptation strategies to solve water
scarcity crisis; and (4) presenting administrative suggestions for the implementation of incremental adaptation
strategies to address water scarcity crisis.
The purpose of this study is to provide an opportunity for managers and agricultural policy-makers to offer the
necessary conditions for achieving and continuing the sustainable behaviors of farmers using incremental adaptation
strategies for dealing with water scarcity crisis. Since the study provides executive solutions consistent with macro
agricultural policies for development, it can effectively supply a basis for future agricultural decisions and plans in
the country.

2. Materials and methods
2.1. Study area
Sabzevar County (36°12′N, 57°43′E), located in the west of Razavi Khorasan Province, is one of the most
populated counties in Iran. Its distance from Tehran City (capital of Iran) is about 650 km. The county is a part of
the Central Plateau in the climatic divisions of Iran and has relatively cold winters and hot and dry summers. Over
the last 30 years, the average temperature was 18.8°C and the average precipitation was 154–436 mm (Silakhori et
al., 2019); further, the prevailing wind direction is towards the east (Pour Gholamhossein et al., 2015).
In 2016, the population of Sabzevar County was 0.31×106, and the number of its villages was 264. About 0.08×106
of the population live in rural areas, and they are mainly engaged in agriculture and animal husbandry. The water
needed for agriculture is mostly supplied by deep wells, which have increased in depth in recent years due to the
lack of rainfall and uncontrolled intensive exploitations. In total, the county has 2000 agricultural water supply
sources, such as deep wells, subterranean canals, springs, and rivers (Statistics Center of Iran, 2016).
With 0.05×106 hm2 of area under the cultivation of agricultural and horticultural products and an annual production
of about 0.12×106 t of products, Sabzevar County is one of the most important centers of agricultural production in
Razavi Khorasan Province. There are 0.39×106 heads of small livestock and 0.01×106 heads of large livestock in the
whole county, most of which feed on pasture forage and forage produced from alfalfa farms and crop residues. All of
these indicate the close relationship between the livelihood of rural people in the county and water resources, as well
as the importance of their adaptation to the water shortage crisis (Karimi et al., 2019).

2.2. Methods
2.2.1. Research theoretical framework
Identifying the level of knowledge, scientific needs, values, and cultural norms of farmers will benefit the
sustainable management of water resources during water crises and droughts (Pezeshki Rad et al., 2007).
Environmental issues, such as water scarcity crisis, have engendered a range of social viewpoints. Studying diverse
adaptation reactions and responses among communities and individuals has suggested that adaptation capacity is
shaped by cultural and social factors, norms, and values (Grothmann and Patt, 2005; Pelling and High, 2005; Adger
et al., 2009; Deressa et al., 2009; Nielsen and Reenberg, 2010; Jones and Boyd, 2011). Therefore, in order to achieve
a correct understanding of these issues, it is necessary to organize social studies at the level of individuals and
communities that are closely related to these problems (Reser and Swim, 2010).
According to recent studies, although economic development and high per capita income have increased the access
to capital and required technologies needed to improve adaptability, they are still not the main factors for adaptation
to climate change (Moss et al., 2001). In addition to economic and technical indicators (Deressa et al., 2009; Bryan
et al., 2011), other factors, such as social capital (Deressa et al. 2009; Khosravipour et al., 2013), attitudes and beliefs
(Howden et al., 2007; Niles et al., 2012; Wheeler et al., 2013; Ghobadi et al., 2016), kinship and family relations
(Barnett, 2001; Sutherland et al., 2005), demographic structure of households’ interpersonal relationships (Vincent,
2007), perceptions of climate change (Niles et al., 2012; Rejesus, 2012), and customs and traditions all affect the
ability of social adaptation. Some researchers considered various parameters, such as conventional agricultural
cultivation, the political structure of the country, awareness about weather conditions (Grothmann and Patt, 2005;
Deressa et al., 2009; Bryan et al., 2011), and insurance network development, as effective factors for farmers to adapt
to climate change (Patt and Gwata, 2002; Ribot, 2002).
In this study, we briefly categorized the factors affecting the implementation of incremental adaptation strategies
in the face of water scarcity crisis according to previous studies, as shown in Table 1. Also, the related theoretical
model and conceptual framework are presented in Figure 1.

2.2.2. Research methods and measurements
The questionnaires of effective factors on implementing incremental adaptation strategies in encountering water
scarcity crisis including the following individual and occupational characteristics (age, agricultural work experience,
education level, and the number of agricultural family labor force) and economic-contextual factors (land ownership,
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Table 1
Effective factors on the application of incremental adaptation strategies in encountering water scarcity crisis.
Effective factor

Reference

Concern

Arbuckle et al. (2013)
O’Brien et al. (2006); Wiles et al. (2012); Gandure et al. (2013); Wheeler et al. (2013); Dang et al.
(2014); Rezaei et al. (2017); Zhang et al. (2019)
Keshavarz and Karami (2008); Yazdani and Haghsheno (2008); Asante (2012); Save Cambodia’s
Wildlife (2011); Salehi and Pazuki Nejad (2014); Rezaei et al. (2017); Wens et al. (2021)
Wheeler et al. (2013); Ghobadi et al. (2016)

Perception
Knowledge
Attitude
Internal norm

Ghobadi et al. (2016)

Technical skill

Deressa et al. (2009); Zhang et al. (2019)

Self-efficiency

Wheeler et al. (2013)

Social capital
Access to
information
Risk-taking

O’Brien et al. (2006); Deressa et al. (2009); Below et al. (2012); Wens et al. (2021)
Deressa et al. (2009); Below et al. (2012)
Poortaheri et al. (2013); Dang et al. (2014); Yang et al. (2020); Wens et al. (2021)

Fig. 1. Theoretical model and conceptual framework of this study.
farm area, type of land ownership, the number of land pieces, farmland quality, crops, household income, agricultural
income, non-agricultural income, production cost, the amount of debt, available water resources, irrigation method,
water ownership status, and the amount of loan) were measured in two-dimensional and multi-dimensional forms.
Also, the open-ended questions using nominal and ration scales were evaluated.
All of the following variables were measured using Likert scale ranging from 1 to 5 (1, completely disagree; 2,
disagree; 3, somewhat; 4, agree; 5, completely agree): variables of incremental adaptation strategies (6 items) and
each one of variables, including ability dimension (technical ability) of farmers (10 items), social capital dimension
(14 items), variables of the dimension of access to education and information services (3 items), and psychological
factors in 7 sections including attitude (6 items), knowledge (6 items), perception (7 items), concern (3 items), selfefficiency (6 items), internal norm (6 items), and risk-taking (4 items). The sum of the obtained scores indicates the
score for each dimension.

2.2.3. Research procedure and data analysis
The statistical population consists of all farmers in four districts of Sabzevar County. Depending on the population
size in each district, the statistical samples were finally selected from nine villages using a proportionate stratified
random sampling method. Then, several farmers in each district were randomly interviewed, and the necessary
information was obtained. The sample size was determined to be 175 individuals using the Cochran formula
(Cochran, 1963) (Eq. 1):
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n

N (t  S ) 2 ,
Nd 2  (t  S ) 2

(1)

where n is the sample size; N is the population size; t is the significant coefficient (t=1.96); S is the estimation of
standard deviation in the population; and d is the acceptable margin of error.
The primary research tool was the questionnaire survey. We determined its validity (face and content) based on
the opinions of experts of water resources management and faculty members of the agricultural extension and
education department of Tehran University, Iran. Cronbach’s alpha (Cronbach, 1951) was used to verify the
reliability of the questionnaires, and the reliability of each major scale was above 0.7. In addition, in the
measurement section, the accuracy of the measurement (reliability of the indices) was examined using squared
multiple correlation (R2). Each index’s variance share is explained by the latent variable, and the rest of the variances
are due to measurement errors. The high value of R2 indicates the high reliability of the target index. In addition to
measuring the reliability of all indices, the composite reliability (CR) of all latent variables was also examined in
the model. The CR value greater than 0.600 suggests that the reliability is acceptable.
The formula for calculating the CR is as follows (Eq. 2):
p

CR 

( i )2
i 1

p

p

i 1

i

,

(2)

( i )2  V ( i )

where CR is the composite reliability; λi is the completely standardized loading for the ith indicator; V(δi) is the variance
of the error term for the ith indicator; and p is the number of indicators.

2.2.4. Statistical analyses
Statistical methods employed in this study are divided into two parts: descriptive statistics and inferential
statistics. In the descriptive statistics section, the variables such as frequency, percentage, cumulative percentage,
mean, mode, standard deviation, coefficient of variation, minimum, and maximum were considered. In addition, in
the inferential statistic section, the smart partial least square method was used to conduct confirmatory factor
analysis for structural equation modeling.

3. Results
3.1. Frequency distribution of respondents’ personal and professional characteristics
The research results indicate that the average age of respondents was 52.02 years old. The vast majority of
respondents (68%) had primary education or were illiterate, and only 8% of respondents had higher education. The
respondents’ average work experience of agricultural activity was 29.82 years, and the standard deviation was 15.79
years. The average number of household members in this group was 4.33, with a standard deviation of 1.88. On
average, one individual per household was involved in agriculture. The average agricultural land under cultivation
was 3.83 hm2 per household, with a standard deviation of 4.28 hm2. Of the total agricultural land, 86% was private
land and 14% was leased to farmers. The average total agricultural income was 4000 USD/year. About 67% of
farmers did not belong the popular associations and groups such as rural cooperatives. In terms of agricultural water
resources, 55% of farmers used deep wells, and 32% and 8% utilized the water of qanats and rivers for irrigation,
respectively. Approximately 81% of farmers used floodwater irrigation method, and about 15% and 4% employed
furrow and drip ways to irrigate their agricultural lands, respectively. Moreover, 66% of farmers have taken measures
to deal with water scarcity crisis, neither paying for irrigation water nor purchasing it. The prioritizing variables of
incremental adaptation strategies employed by farmers are indicated in Table 2.

3.2. Structural model of the factors affecting the implementation of incremental adaptation
strategies for dealing with water scarcity crisis
The latent variables in the model were entered into the structural model, including 11 dimensions: concern (3
indices), perception (7 indices), knowledge (6 indices), attitude (6 indices), internal norm (6 indices), technical skill
(10 indices), self-efficacy (6 indices), social capital (14 indices), access to information (3 indices), risk-taking (4
indices), and incremental adaptation strategies (6 indices in Table 2). According to the results indicated in Table 3,
some variables had factor loadings less than 0.600. Since their t-values were significant (P≤0.05), the validity was
accepted. It should be noted that the research variables were 59, were reduced to 45 and eliminated from the study
in research reliability and validity process. By eliminating the variables that had a factor loading less than the desired
value in the first step, the second step was used to check the validity of the constructs. Using the average variance
extracted index, we found that most of the studied variables had an average variance of about 0.500, which was a
very appropriate value. The CR index was used to check the construct reliability. Findings pertinent to the CR are
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Table 2
Prioritizing variables of incremental adaptation strategies among farmers.
Latent
variable

Index on
the model
ST1
ST2

Incremental
adaptation
strategies

ST3
ST4
ST5
ST6

Question
I have increased the area of lands under
cultivation.
I have managed runoff and seasonal
floods and utilized them.
I have utilized new irrigation
techniques (drip and sprinkler).
I have purchased irrigation water.
I have purchased a water share.
I have increased the water sources of
farmlands.

Mean

Standard
deviation

Coefficient
of
variation

Priority

2.245

1.714

0.763

3

1.771

1.356

0.765

4

1.612

1.412

0.875

6

3.571

1.594

0.446

1

3.102

1.686

0.543

2

1.673

1.463

0.874

5

indicated in Table 3. Another method used to assess the validity and reliability was the discriminant validity. For
this purpose, the square root of the average variance extracted must be more than the correlations of other construct
factors (Levitt and Hancock, 2001), as shown in Table 3.
At this step, the research hypotheses can be tested by considering the completion of the variable refinement phase
and ensuring the accuracy of the indices in measuring related concepts and variables. In other words, the efficiency of
the research measurement model was provided.
The results of discriminant validity indicate that the selected markers for measuring available constructs have the
necessary discriminant validity. This is because, first of all, the average variance of all constructs was greater than
0.400. Secondly, the square root of the average variance extracted for each construct was higher than all the correlations
of other factors with that factor, as shown in the matrix diameter of Table 4.
After completing the validity and reliability assessment of the constructs and considering the obtained coefficients
and values, it is now possible to investigate the significant interrelation between research constructs. With regards
to the status of the variables and coefficients obtained for investigating the effects of the constructs, we can test the
research hypotheses, as shown in Table 5. Before testing the research hypotheses, it should be noted that the
calculated R2 for the self-efficiency variable was 0.227, meaning that 22.7% of the variance can be explained.
Besides, the calculated R2 for the variables of risk-taking, knowledge, attitude, concern, technical skill, and access
to information were 0.423, 0.165, 0.089, 0.012, 0.416, and 0.165, respectively. These values indicate that 42.3%,
16.5%, 8.9%, 1.2%, 41.6%, and 16.5% of the above variables’ variances can be explained, respectively.
In the structural equation model for farmers who adopted incremental adaptation strategies, the data and
information related to farmers were loaded with incremental adaptation strategies. In this model, there were five
direct and significant correlations. Therefore, six hypotheses were proposed: meaningful relationship between
farmers’ concern and attitude, the level of farmers’ knowledge and technical skill, farmers’ self-efficiency and risktaking, farmers’ social capital and the level of access to information, relationship between farmers’ internal norm
and self-efficiency, and relationship between farmers’ internal norm and risk-taking (Figs. 2 and 3).
Based on the research results, we described the research hypotheses as follows.
The first hypothesis: having access to information among farmers who adopt incremental adaptation strategies
significantly and positively affects their knowledge level. According to the obtained findings from Table 5 and the
t-value of 1.271 for knowledge and having access to information variables, we can confirm the null hypothesis
(often denoted the zero hypothesis) and reject the examined hypothesis. It can be concluded that there is no
significant and direct relationship between having access to information and farmers’ knowledge level.
The second hypothesis: having access to information significantly and positively affects the technical skill of
farmers who adopt incremental adaptation strategies. As shown in Table 5, the t-value for the variables of having
access to information and technical skill is equal to 0.612, implying that the null hypothesis is confirmed and the
examined hypothesis is rejected. In other words, there is a significant and direct correlation between having access
to information and technical skill.
The third hypothesis: the attitude of farmers who adopt incremental adaptation strategies positively and
significantly influences their knowledge. According to the findings obtained from Table 5, the t-value for the attitude
and knowledge variables is equal to 1.151, indicating that the null hypothesis is confirmed and the hypothesis being
tested is rejected, which means that there is no significant relationship between farmers’ attitude and knowledge.
The fourth hypothesis: attitude positively and significantly affects the self-efficiency of farmers who adopt
incremental adaptation strategies. Based on the results obtained from Table 5 and the t-value of 0.755 for the attitude
and self-efficiency variables, we can confirm the null hypothesis and reject the examined hypothesis. Thus, it can
be concluded that there is no significant relationship between farmers’ attitude and self-efficiency.

Technical skill

Internal norm

Attitude

Knowledge

Perception

Concern

Variable

T1
T2
T3
T4

N6

N3
N4
N5

N2

N1

A2
A3
A4
A5
A6

A1

K6

K2
K3
K4
K5

K1

P1
P2
P3
P4
P5
P6
P7

C3

9.945
2.147
2.113
5.390
1.459
15.853
2.363
7.622
3.888
2.897
5.723
2.912
3.143
2.565
8.076
71.941
71.580
67.844
44.711
44.732
44.740
9.194
9.100
1.687

0.101
0.299
0.265
0.181
0.234
0.055
0.207
0.102
0.167
0.343
0.175
0.343
0.318
0.389
0.124
0.014
0.014
0.014
0.022
0.022
0.022
0.095
0.092
0.195

1.000
0.640
0.560
0.970
0.340
0.870
0.490
0.780
0.650
0.994
0.999
0.997
1.000
0.999
1.000
0.984
0.984
0.983
0.981
0.981
0.981
0.870
0.830
0.330

0.999
1.000

I am worried about the temperature increase in the next year.
I am worried about the declining of agricultural water resources.
Concerning the drought in the next year, and worrying about the decrease of
agricultural products.
Temperature rising.
Rainfall increasing.
Long-term droughts.
Uneven rainfall distribution among the seasons.
Having access to water resources.
The water level in wells and aquifers (groundwater).
Qanat (Kariz) and fountains flow rate.
Using new knowledge resistant to drought leads to performance improvement
(production).
Irrigation level is influential to production efficiency.
Using novel irrigation methods improves the efficiency of irrigation systems.
The salinity of soil and farmland water affects the performance of farmland.
Frequent irrigation and small amounts of water can increase the efficiency.
Groundwater level decline leads to land subsidence and an increase of water
salinity.
In the long run, water scarcity leads to the migration from rural areas to urban
places.
Water scarcity will be considered a threat to agriculture in the future.
Water scarcity will increase pests and diseases.
Water scarcity is a factor damaging rural areas.
Water scarcity is a threat to future generations.
Water scarcity leads to decreases in revenue and production.
It is better to take care of more adaptable actions since my family, relatives, and
friends ask me to do so.
It is better to take care of adaptable actions similar to my family, relatives, and
friends.
I should take care of adaptable actions or behaviors to water scarcity.
It is better to take care of adaptable actions since the local experts take actions.
I take care of more adaptable actions since the role model farmers take such actions.
I take care of more adaptable actions since the experts suggest the promotion of
such activities.
Getting acquainted with new resistant and agricultural seeds.
I have access to new types of seeds resistant to drought and salinity.
Getting acquainted with how to use the agricultural machinery, e.g., tractors.
Having access to agricultural machinery, e.g., tractors.

C1
C2

5.850
11.225

t-value

Standard
deviation
0.171
0.089

Factor loading

Question

Component

Table 3
Investigated variables and components of incremental adaptation strategies among farmers.

0.804

1.000

1.000

0.796

0.741

1.000

CR

0.471

1.000

1.000

0.503

0.448

1.000

AVE

To be continued

0.722

1.000

1.000

0.678

0.761

1.000

Cronbach’s
alpha
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Component

T6

Question

Skill level in carrying out agricultural activities (cultivation, growth, and harvest).
The knowledge level of proper agricultural products in farms (based on the soil and
T7
water conditions).
The knowledge level and utilization of many types of irrigation systems (drip and
Technical skill
T8
sprinkler irrigation system).
Getting acquainted with the water-related need of the cultivated products.
T9
Getting acquainted with the implications of over-irrigation.
T10
Adaptation to on-farm water scarcity is possible for me in economic terms.
SE1
Participation in the promotional programs that will be held in the next year is
SE2
possible for me.
Generally, it is more convenient for me to use others’ examined and utilized
SE3
decisions and methods than the new ones.
Self-efficiency
The farmers in our village have adequate knowledge to get adaptations to water
SE4
scarcity.
The farmers have access to experienced and knowledgeable experts for adaptation
SE5
to water scarcity.
Adaptation to water scarcity is a time-consuming process. Accordingly, it is
SE6
demanding for me to take care of them.
I lend money to others.
S1
I lend my stuff to others.
S2
I can co-sign others’ loans (companions or relatives).
S3
If an incident happens to others, I will help them with farm-related tasks.
S5
There is intimacy and brotherhood among village members.
S6
The village members are unified.
S8
I take part and contribute to local councils and rural cooperative companies.
S10
I afford to pay for the costs of joint activities in the village.
S13
Social capital
The individuals cooperate to solve common issues.
S14
I talk to my family members regarding life and job issues.
S15
I am frequently in touch with my relatives and acquaintances.
S16
I consult my friends, relatives, and acquaintances regarding my work.
S17
I am in touch with friends and acquaintances out of the village (frequently visiting
S18
each other).
I am in touch with the agriculture experts and promoters and have a friendly
S19
relationship with government staff.
I would like to participate in educational and promotional classes.
I1
Access to
The number of visits from sample and demonstration farms in the last year.
I2
information
Having access to the information pertinent to the weather conditions.
I3
I enjoy taking on the tasks that other individuals are afraid to do.
R1
I tend to do new work, even if I am satisfied with my current position.
R2
Risk-taking
I would prefer to choose challenging goals for my life.
R3
I am ready to invest in new plans.
R4
Note: “-” means variables were eliminated from the model. CR, composite reliability; AVE, average variance extracted.

Variable

3.663
11.448
5.892
9.463
5.911
9.143
10.399
4.353
2.158
2.613
1.986
1.325
1.080
2.266
2.294
3.088
4.308
3.305
1271.119
2134.758
736.917
297.222

0.174
0.087
0.155
0.105
0.154
0.109
0.096
0.178
0.251
0.273
0.277
0.375
0.376
0.304
0.232
0.215
0.183
0.185
0.001
0.000
0.001
0.003

0.640
0.994
0.912
0.995
0.911
0.994
0.994
0.770
0.540
0.710
0.550
0.500
0.410
0.690
0.530
0.670
0.790
0.610
1.000
1.000
1.000
1.000

t-value
3.336

0.620

Factor loading

Standard
deviation
0.185

0.570

1.000
1.000
1.000

0.753

1.000

0.532

0.340

1.000

AVE

0.771

0.800

1.000

CR

Continued
Cronbach’s
alpha
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Table 4
Fornell-Larcker criterion for assessing to the discriminant validity of incremental adaptation strategies among farmers.
Access to
information
Access to
information

0.729

Attitude

Concern

Knowledge

Perception

Risktaking

Selfefficiency

Attitude

0.323

Concern

0.091

0.299

1.000

Knowledge

0.176

–0.156

0.063

0.709

Perception

–0.049

0.134

0.110

–0.330

0.669

Risk-taking
Selfefficiency

0.284

–0.111

–0.178

0.410

–0.074

1.000

0.522

0.209

–0.021

0.196

–0.048

0.631

1.000

Social
capital

Internal
norm

Technical
skill

1.000

Social capital

0.407

0.251

0.038

0.182

–0.033

0.495

0.613

0.583

Internal norm

0.236

0.261

0.071

0.064

–0.076

0.166

0.468

0.430

1.000

Technical
skill

0.094

–0.193

–0.011

0.631

–0.159

0.298

0.227

0.122

0.264

0.686

The fifth hypothesis: the concern of farmers who adopt incremental adaptation strategies has a significant and
positive effect on farmers’ attitude. For the concern and attitude variables, the t-value is equal to 2.126 (Table 5).
Based on this estimated value, we can reject the null hypothesis. Therefore, there is a significant relationship between
farmers’ concern and attitude, suggesting that the examined hypothesis is confirmed.
The sixth hypothesis: the concern of farmers who adopt incremental adaptation strategies positively and
significantly affects their internal norm. As shown in Table 5, for the concern and internal norm variables, the t-value
is equal to 0.387. According to this estimated value, we can confirm the null hypothesis, so there is no significant
relationship between farmers’ concern and internal norm, implying that the examined hypothesis is rejected.
The seventh hypothesis: knowledge significantly and positively affects the technical skill of farmers who adopt
incremental adaptation strategies. Based on the results obtained from Table 5 and the t-value of 6.406 for the
knowledge and technical skill variables, we can reject the null hypothesis and confirm the examined hypothesis.
Thereby, it can be concluded that farmers’ knowledge is directly and significantly correlated with their technical skill.
The eighth hypothesis: the perception of farmers who adopt incremental adaptation strategies significantly and
positively affects their concerns. The t-value for the perception variable is equal to 1.394 (Table 5), meaning that
null hypothesis is confirmed and the examined hypothesis is rejected. In other words, there is a significant and direct
correlation between farmers’ perception of water scarcity and their concerns.
The ninth hypothesis: the perception of farmers who adopt incremental adaptation strategies positively and
significantly affects their knowledge. Based on the results obtained from Table 5 and the t-value for the perception
and knowledge variables (1.813), we can confirm the null hypothesis and reject the examined hypothesis. Hence,
there is no direct and significant correlation between farmers’ perception and knowledge.
The tenth hypothesis: the self-efficiency of farmers who adapt incremental adaptation strategies positively and
significantly influences their risk-taking. The t-value for the self-efficiency and risk-taking variables is equal to
6.679 (Table 5), which indicates that the null hypothesis is rejected and the examined hypothesis is confirmed. In
other words, there is a significant and direct correlation between farmers’ self-efficacy and risk-taking.
The eleventh hypothesis: the self-efficiency of farmers who adopt incremental adaptation strategies positively and
significantly affects their technical skill. As shown in Table 5, the t-value of the self-efficiency and technical skill
variables is equal to 1.040, indicating that the null hypothesis is confirmed and the examined hypothesis is rejected.
The result means that there is no significant relationship between farmers’ self-efficiency and technical skill.
The twelfth hypothesis: for farmers who adopt incremental adaptation strategies, the social capital positively and
significantly affects farmer’s access to information. According to the t-value for the social capital and access to
information variables (2.465; Table 5), we can reject the null hypothesis and confirm the examined hypothesis.
Accordingly, it can be concluded that there is a direct and significant relationship between farmers’ social capital
and their access to information.
The thirteenth hypothesis: the internal norm of farmers who adopted incremental adaptation strategies has a
significant and positive effect on their self-efficiency. As shown in Table 5, the t-value is equal to 4.742 for the
internal norm and self-efficiency variables, so the null hypothesis is rejected and the examined hypothesis is
confirmed; further, there is a significant relationship between farmers’ internal norm and self-efficiency.
The fourteenth hypothesis: the technical skill of farmers who adopt incremental adaptation strategies has a
significant and positive effect on their risk-taking. The t-value for the variables of technical skill and risk-taking
equals to 1.356 (Table 5), therefore, there is no significant relationship between technical skill and risk-taking.
Besides, the examined hypothesis is not confirmed.

Technical skill

Internal norm

Social capital

Self-efficiency

Perception

Knowledge

Concern

Attitude

Access to information

Dimension

Note: “-” means non-measuring of effect.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

No.

Direct effect
0.222
–0.096
–0.188
0.093
0.299
0.071
0.618
0.110
–0.294
0.594
0.156
0.407
0.443
0.163

Total effect
0.222
0.041
0.007
–0.188
0.093
0.039
–0.102
0.299
0.071
–0.056
0.031
0.059
–0.025
0.618
0.101
0.033
–0.026
0.007
0.008
–0.184
0.110
–0.300
0.619
0.156
0.090
0.003
0.017
0.407
0.274
0.069
0.443
0.163

Construct

Knowledge
Technical skill
Risk-taking
Knowledge
Self-efficiency
Risk-taking
Technical skill
Attitude
Internal norm
Knowledge
Risk-taking
Self-efficiency
Technical skill
Technical skill
Risk-taking
Attitude
Risk-taking
Self-efficiency
Internal norm
Technical skill
Concern
Knowledge
Risk-taking
Technical skill
Knowledge
Risk-taking
Technical skill
Access to information
Risk-taking
Technical skill
Self-efficiency
Risk-taking

Indirect
effect
0.007
0.039
–0.102
–0.056
0.031
0.059
–0.025
0.101
0.033
–0.026
0.007
0.008
–0.184
0.090
0.003
0.017
0.274
0.069
-

Table 5
Assessments of direct and indirect effects in the model that includes incremental adaptation strategies.
Standard
deviation
0.175
0.157
0.043
0.163
0.123
0.091
0.111
0.141
0.184
0.066
0.057
0.087
0.045
0.096
0.078
0.031
0.033
0.013
0.026
0.110
0.079
0.162
0.089
0.150
0.104
0.022
0.094
0.165
0.072
0.075
0.093
0.120
1.271
0.612
0.159
1.151
0.755
0.423
0.912
2.126
0.387
0.855
0.546
0.678
0.561
6.406
1.292
1.047
0.806
0.504
0.300
1.683
1.394
1.813
6.679
1.040
0.869
0.123
0.178
2.465
3.799
0.924
4.742
1.356

t-value

Significant
level
0.204
0.541
0.874
0.250
0.451
0.672
0.362
0.034
0.699
0.393
0.585
0.498
0.575
0.000
0.197
0.295
0.421
0.615
0.765
0.093
0.164
0.070
0.000
0.299
0.385
0.902
0.859
0.014
0.000
0.356
0.000
0.176

Rejection
Rejection
Rejection
Rejection
Rejection
Rejection
Rejection
Confirmation
Rejection
Rejection
Rejection
Rejection
Rejection
Confirmation
Rejection
Rejection
Rejection
Rejection
Rejection
Rejection
Rejection
Rejection
Confirmation
Rejection
Rejection
Rejection
Rejection
Confirmation
Confirmation
Rejection
Confirmation
Rejection

Status
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Fig. 2. Path model of effects of research variables for farmers who adopt incremental adaptation strategies. Figure in
bracket means the squared multiple correlation coefficient (R2) and figure next to the arrow indicates the value of
direct effect.

Fig. 3. The t-values of the path model of the research variables for farmers who adopt incremental adaptation
strategies.

4. Discussion
Identifying the factors contributing to the implementation of incremental adaptation strategies in facing water
scarcity crisis plays an important role in sustainable development and efficient management of water resources.
According to the findings, the adoption of new irrigation methods (drip and sprinkler) and the management of runoff
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and seasonal flooding were lower priorities in farmers’ incremental adaptation strategies. However, in water
resources management, drip irrigation is one of the environmental indicators of sustainable development, which
clearly demonstrates the critical need to optimize the allocation and management of agricultural production
resources when facing water scarcity in the region. From the farmers’ point of view, non-standard drip irrigation
equipment, the high costs of switching irrigation systems, the dispersal of farmlands, the government’s less tendency
to support farmland with small area and area less than 1 hm2, and prolonged administrative processes to pay for new
irrigation facilities are the reasons for the lower utilization of new irrigation systems.
Based on our research results, the farmers’ knowledge positively and significantly affects their technical skill,
which is consistent with the finding of the studies conducted by Keshavarz and Karami (2008), Save Cambodia’s
Wildlife (2011), and Wheeler et al. (2013). Besides, farmers’ self-efficiency has a positive and significant effect
on their risk-taking and incremental adaptation strategies, which is consistent with the research result of Wheeler
et al. (2013). It is also consistent with the investigation conducted by Gandure et al. (2013) in South Africa, which
showed that both socioeconomic and political factors influence the farmers’ perception of climate risk and
adaptation strategies. Below et al. (2012) used 33 indicators to investigate the adaptation strategies of Tanzanian
farmers to climate change and found that factors such as production, natural and physical capital, education status,
and householder gender affect farmers’ choices in effective adaptation strategies. Deressa (2008) investigated how
Ethiopian farmers adopted adaptation strategies in the period of climate change, and indicated that the variables
affecting farmers to adopt effective adaptation strategies are education level, gender, age, the financial status of
householders, access to credits, and access to information about climate, social capital, and environmental
conditions in the region. Also, our study demonstrated that risk-taking and the perception of water scarcity are the
effective adaptation strategies for farmers (Dang et al., 2014). Using the conceptual model of protection motivation
theory and structural equation modeling, Dang et al. (2014) evaluated Vietnamese farmers’ perception of
adaptation to climate change. According to the results, farmers are more likely to demonstrate adaptive behaviors
to climate change when they have higher perception of climate change risk or higher understanding of the policies
and regulations, e.g., water and electricity price increase, or are under the obligation to their families, companions,
or neighbors.
The effects of farmers’ perception and knowledge on their adaptation behaviors were also confirmed in the studies
conducted by Rezaei et al. (2017) and Wens et al. (2021). Wens et al. (2021) investigated the complexities of farmers’
adaptation behaviors under drought conditions, and the variables such as risk-taking, social network (social capital),
and knowledge were predicted as the essential variables in the model. The study conducted by Yang et al. (2020)
found that socioeconomic and risk-taking variables are the most influential factors in the decision-making of coping
with climate change conditions. In another research, Zhang et al. (2019) explored that the environmental and
socioeconomic variables and farmers’ perception affect their adaptations to technologies related to the preservation
and storage of water. This finding is also consistent with our research result.

5. Conclusions
According to the structural model, psychological factors such as concern, belief, and attitude are effective in
adaptation behaviors under climate change. Belief in climate change and its causes must have a logical impact on
attitude towards adaptation policies and mitigation of its harmful effects.
The agricultural extension and education have an important and influential role in farmers’ technical skill,
knowledge, and self-efficiency. It is recommended to set up agricultural extension and education in areas where
there are no service, education, and extension centers and invest more in establishing more education and extension
centers in areas where there are these centers. The following suggestions are also provided: (1) improving and
enhancing agricultural extension activities; (2) enhancing farmers’ communication with extension staffs to
improve farmers’ professional skill; (3) strengthening the training and course promotion of water resources
management; and (4) implementing activities and extension programs, such as the farm field schools approach and
agricultural extension workshops.
The level of knowledge and awareness effectively explains the changes in incremental adaptation strategies in
the face of water scarcity crisis. Information can reduce uncertainty about behaviors, increase risk-taking, and
assist in making optimal and appropriate decisions for adopting proper measures and risk reduction strategies.
Having access to information and then establishing centers that provide agricultural meteorological statistics and
information can improve the agricultural status of the study area.
In view of the influence of social groups on the dissemination of information and the implementation of
adaptation strategies, it is recommended to establish institutional technology extension channels among farmers.
Farmers involved in agriculture are better able to adapt to water scarcity crisis, so it is suggested to pay more
attention to rural infrastructure in order to reduce the migration of young people from villages to cities and to
prevent the potential reduction in rural agricultural jobs. In addition, increasing the participation of rural women
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in sustainable agricultural development by providing family workforce and social capital development along with
other economic and environmental dimensions of sustainable agriculture is recommended. On the other hand, in
view of inheritance issue, consideration should be given to preventing land fragmentation through the
establishment of cooperatives and family farms.
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